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Abstract
The Kokubu Valley in the western Simousa Upland was cored with the aim of reconstructing the Holocene
paleoenvironments. This paper discusses the Holocene paleovegetation of the area at various stages,
reconstructed from sediment facies and fossil opal phytolith assemblages. The latter are divided into four
local opal phytolith zones, I, T1, "I and IV. The assemblages in the marine sediments of Zone I were deposited
during the lomon transgression before ca. 4500 yr B.P.. The paleovegetation ranged throughout the whole
area, including the bottom and scarp of the dissected valley and on the upland. It comprised Phragmiles
and Phacelums latijolius in the backshore, Tschaellwm on the berm and Sasa and Pleioblastus Sect. Nezasa on
the forest Aoor of the scarp of the dissected valley and of the upland. The assemblages in the alternating
beds of fossil wood and sands of Zone" were deposited from ca. 4500 to 4000 yr B.P.. The paleovegetation
ranged throughout the upper reaches, including the bottom and scarp of the dissected valley, and on the
upland. It consisted of Sasa on the forest Aoor of the scarp of the dissected valley and the upland, and
Pleioblaslus-Pseudosasa along the valley. The phytolith assemblages in the herbaceous peat of Zone I" and
IV were deposited after ca. 4000 yr B.P.. The paleovegetation ranged around the boring site at the bottom
of the dissected valley and consisted of Phragllliles, JVTiscallthlls sacchariftorlls and Arthraxon hispidlls in the
marsh and Pleioblastlls-Pseudosasa, Anllldilulla and Cynodoll dactyloll in the soil of the area. The paleovegetation
of Zone IV was inAuenced by the beginning of rice cultivation in the bottom of the dissected valley. It
comprised Echinochloa and Arthraxoll hispidlls as the paddy weeds and Phraglllites, Carex, Zizallia lalijolia,
Zoysia, Anmdinella, lmperata cylindrica val'. koenigii and Nezasa around the rice fields.
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1. Introduction
Using paleovegetation, or "some kinds of plant fossils In past sediments" it is
possible to reconstruct the "times" and "spaces" of the past. The "times" is a problem
of sediment stratigraphy, but for the "spaces" it is necessary to deduce the distribution
of mother plants from the fossil assemblages. That IS why knowledge of their
transportation and habitat is needed. At present there are almost no studies of taphonomy
that would contribute to the reconstruction of paleovegetation. Therefore, the knowledge
of habitats and of the sedimentary paleoenvironments should be put to practical
use. Studies of phytolith assemblages based on these features are few than for those
of other plant fossils. This paper discusses the Holocene floral changes based on the
sources of supply of sediment deternined from facies and on the habitats of mother
plants of phytolith assemblages recorded in the dissected valley in the western Shimousa
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Upland, a diluvial upland. It also adds some detailed discussions to EcucHI(1994a).
2. Collecting Samples and Stratigraphy
The boring site of the studied area was located at the bottom of the central Kokubu
Valley, the dissected valley in the western Shimousa Upland, Kanto Plain (Fig.1). The
site is 8.3 m above sea-level and the height to the upland level is about 17 m.
The borehole section and the sample horizons are shown in Fig.2, the sediments
being divided into four local stratigraphical zones I, II, III and IV. Zone I is the brown
topsoil. Zone II (Samples 1-8) is characterized by herbaceous peat with silt to fine
sand. Zone II is subdivided into IIa, lIb, IIc, lId and lIe according to the degree of
decomposition of the peat and sand content. Zone IIa is dark brown fine sand with
abundant herbaceous plant fossils, transition between zone I and lIb. Zone lIb is fine,
sandy, decomposed herbaceous peat, with two tephra beds. The lower tephra bed
consists of coarse grain-sized black scoria from the New Fuji volcano; the upper tephra
bed consists of light gray pumice corresponding to As-B (ARAI,1979), dated at 1108
A.D.. Zone IIc consists of alternating beds of well-sorted fine sand and herbaceous,
peaty, fine sand. Zone lId is of herbaceous, peaty, fine sand. Zone lIe is of fine-to
medium-grained sandy, decomposed herbaceous peat with fine-to medium-grained sand
beds. Zone III (Sample 9-15) is characterized by alternating beds of sandy wood fossils
(wood fragments, seeds and fruits) and laminated, well-sorted fine-to medium-grained
sand. Sediment-ages of the lower and upper Zone III were obtained from calibrated
14C dates of the wood fossils. The dates are 4540±110 yr B.P.(GaK-15575) and
Fig. 1. Location Illap of the studied area. Redrawn according to MOlllohara et 01.(1994).
I: boring site. 2: Shilllousa Upland, 3: counters of the base of Chuseki -sou frolll
ground surface (Ill).
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Fig. 2. Columnar section of the borehole core (after Momohara et (l1.,1994).
1: peaty sediments, 2: herbaceous plant fossils, 3: woody fossils, 4: sand,S: topsoil,
6: silt, 7: sand pipe, 8: tephra, 9: horizons of the samples.
4050±100 yr B.P.(GaK-15574)respectively. Zone IV (Samples 16-23) is characterized
by peaty silt. It is subdivided into IVa and IVb by relative contents of peat and sand,
the former being more peaty, the latter being more sandy, with sand pipes.
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3. Analytical Method
The phytoliths were concentrated as follows: add HzO z and heat, add Hel and
heat, ultrasonic treatment, removal of fine particles (EGUCT-II,1994b). The eukitt "vas
used for the mounting on preparats. More than 200 phytoliths (short-cell, motor-cell,
sedge, tree, fem) were counted under x 400 magnification, using a biological microscope.
The results are shown in Fig.3 as a percentage of the total for each sample. The
numbers of phytoliths in a 1 g sample, the ratio of large to small type of phytoliths,
and the degree of weathering of the phytoliths were calculated according to EGUCT-II
(1994b). The degree of weathering is graded from 0 to 4 by phytolith diameter and
density of depression by solution on the phytolith surface. A weathering degree of "0"
indicates almost unweathered phytoliths, of "1" indicates depressions below l,Lt in diameter
and low density of depression, of "2" indicates depressions below 3,Ll in diameter and
a high density of depression, of "3" indicates a break in outline of phytoliths.
4. Amount, Size and Weathering Intensity of Phytoliths
The number of phytoliths in a sample (Fig.3) are separated into a lower group
(samples 4-23) and an upper group (samples 1-3). The upper group (1300000-1700000)
are 2 to 20 times as many as the lower group (80000-860000) per gram.
The ratio of large to small types also falls into a lower group (samples 7-23) and
an upper group (samples 1-6). In the lower group, the small type form about 24-38
percent; in the upper group, they form about 40-70 percent.
For degree of weathering "0" phytoliths in the lower samples (7-23) form 32-48
percent (except samples 8 and 14); samples in the upper part (sample 1-6) form 55-65
percent. Phytoliths with degree of weathering "3" fall into three groups: a lower group
(samples 16-23) with 16-21 percent, a middle group (samples 7-15) with 12-17 percent,
and an upper group (samples 1-6) with 3-9 percent.
5. Description of Phytolith Assemblages
The phytolith assemblages (shown in Fig.4) contained 71 short-cells, 29 motor-cells
and 2 sedges in 23 samples. Four local opal phytolith zones, Nos. I, II, III and IV,
are recognized.
Zone I (sample 16-23) is characterized by being most abundant in Bambusaceae
short-cell) and Sasa. I t consists of coastal plan ts, incl ud ing Phacelurus latifohus
and Ischaemwn, and hydrophytes including Phragmites (motor-cell) and Miscanthus
sacchariflorus.
Zone II (sample 9-15) is characterized by being most abundant in Pleioblastus-
Pseudosasa; the numbers of Bambusaceae (short-cell) and Sasa decrease from Zone I.
Zone III (sample 6-8) is characterized by appearance of Phragmites (short-cell),
Miscanthus sacchariflorus, Arthraxon hispidus and Cynodon dactylon. Sasa decreased from
Zone II.
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Zone IV (san1ple 1-5) is characterized by the appearance of Oryza sativa (short-cell,
motor-cell), the paddy weeds, including Echinochloa, and Arthraxon hispidus; and the
plants around the rice fields, including Carex and Zoysia. There is also an increase of
Phragmites (short-cell, motor-cell) and Arundinella. This zone consists of Imperata
cylindrica var. koenigii and Zizania latifolia (short-cell, motor-cell). Bambusaceae
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dissected valley (KUROSAWA et al.,1994). Zone III is in alternating beds of sandy wood
fossils and laminated, well-sorted fine-to medium-grained sand, also from the whole of
the dissected valley. Zone II is in sandy herbaceous peat or herbaceous peaty sand
from near the boring site.
These changes of sedimentary environment changes influenced the number of
phytoliths in a 1 g sample, the ratio of large to small types of phytoliths, and the degree
of weathering of phytoliths. This change is shown between samples 7 and 6 in the
ratio of large to small types of phytoliths as well as in the O· 3 degree of ·weathering. For
example, the lower group (samples 7-23) has a higher ratio of the large type and the
degree of weathering, the upper group (samples 1-6) has not. The many phytoliths in
the lower group were from a distance, but not in the upper group. Because the many
short-types in the lower group were transported by running water, the other phytoliths
were weathered by it, but not in the upper group. That inclinations of sediment and
phytoJith were shown about it in surface sediment (ECUCHI,1994b).
6.2. Reconstruction of Paleovegetation
The paleovegetation of the various zones, as reconstructed from the fossil assemblages,
is described below. The paleovegetation of the local phytolith Zone I ranged throughout
the whole area, including the bottom and scarp of the dissected valley and on the upland
(Fig.S); sedimentation foot place in tidal and bay environments. Phragmites and
Phacelurus latifolius were present in the back shore; Miscanthus saccharijlorus and Phragmites
in the marsh of upper reachs, Ischaemum on the berm; and Sasa and Pleioblastus Sect.
Nezasa on the forest floor of the dissected valley and the upland.
The paleovegetation of Zone II ranged throughout the upper reaches, including the
bottom and scarp of the dissected valley and on the upland (Fig.S). It included Sasa
on the forest floor of the scarp of the dissected valley and the upland, and
Pleioblastus-Pseudosasa along the valley. Sasa and Bambusaceae (short-cell)decreased from
Zone I.
The paJeovegetation of Zone II I ranged around the boring site at the bottom of the
dissected valley (Fig.S). It consisted of Phragmites, Miscanthus saccharifiorus and
Arthraxon hispidus in the marsh, and Pleioblastus-Pseudosasa, Arundinella and Cynodon
dactylon in the soil of the area. The absence of Sasa was caused by the narrowness
of the reconstructed area or by the vegetation change.
The paleovegetation of Zone IV ranged around the boring site at the bottom of
the dissected valley (Fig.S). It was influenced by the beginning of rice cultivation 111
the bottom of the dissected valley, and consisted of Echinochloa and Arthraxon hispidus
as paddy weeds, and Phragmites, Carex, Zizania latifoha, Zoysia, Arundinella, Imperata
cylindrica var. koenigii and Nezasa around the nee fields. The decrease of
Pleioblastus-Pseudosasa was caused by man-modification.
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Fig. S. Paleovegetation zones reconstructed from opal phytolith assemblages. Redrawn
according to Momohara et al.(1994).
1: boring site, 2: Shimousa Upland, 3: counters of the base of Chuseki-sou from
ground surface (m), 4: paleovegetation area reconstructed.
6.3. Beginning Age of Rice Cultivation
The beginning of rice cultivation was the age of sample 5, but activated at the age
of sample 3. It was marked by the appearance of paddy weeds and Zoysia, the decrease
of Phragmites (short-cell, motor-cell), by the most abundant number of phytoliths in a
1 g sample, and by the appearance of Oryza sativa (motor-cell) in the upper part of
Sample 3. That mark by phytolith assemblages were shown in SUGIYAMA and
FUJIwARA(1987), SUGIYAMA(1989) and EGUCI-n(1992). Their ages were inAuenced by
the identification of the lower tephl'a bed, Yu-3 (IZUMI et ai.,1977) or YlI-2 (IZUMI et
ai.,1977). The age of sample 3 is Yayoi Age to Middle Ages, using Yu-3 or Yayoi Age
using YlI-2; the age of sample 5 is lomon. It is suggested that the beginning of rice
cultivation was earlier than the lomon Age in the Shimousa Upland, but this pl'oblem
needs further careful discussion
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The opal phytolith assemblages of the Kokubu Valley are divided into four zones
locally, named zones I, II, II I and IV. The paleovegetation of Zone I ranged throughout
the whole area, including the bottom and scarp of the dissected valley and the upland;
it included Phragmites and Phacelurus latlfolius in the backshore, Ischaemum on the berm,
Sasa and Pleioblastus Sect. Nezasa in the forest floor on the scarp of the dissected valley
and the upland. The paleovegetation of Zone II ranged throughout the upper reaches,
including the bottom and scarp of the dissected valley and on the upland; it included
Sasa in the forest floor of the scarp of the dissected valley and the upland and
Pleioblastus-Pseudosasa along the valley. The paleovegetation of Zone II I and IV ranged
around the boring site at the bottom of the dissected valley; it consisted of Phragmites,
Miscanthus saccharifiorus and Arthraxon hispidus in the marsh, and Pleioblastus-Pseudosasa,
Arundinella and Cynodon dactylon distributed in the soil of the area. The paleovegetation
of Zone IV was influenced by the beginning of rice cultivation in the bottom of the
dissected valley; it consisted of Echinochloa and Arthraxon hispidus as paddy weeds, and
Phragmites, Carex, Zizania latifolia, Zoysia, Arundinella, Imperata cylindrica var. koenigii
and Nezasa around the rice fields. The beginning of rice cultivation was either Yayoi
to Middle Ages, if identified by the lower tephra bed, Yu-3, or as the Jomon Age, if
identified by Yu-2.
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